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Investigating Mountain Waves in MTM image data at Cerro Pachon, Chile
Neal Criddle, M.J. Taylor, P.-D. Pautet, Y. Zhao, Center for Atmospheric and Space Science, Utah State University
G. Swenson and S. Franke, University of Illinois at Urbana-Champaign, and A. Liu, Embry Riddle Aeronautical University
Introduction

Mountain waves in OH

Mountain Waves

Gravity waves are important drivers of chemical species mixing, energy and
momentum transfer into the MLT (~80 - 100 km) region. As part of a
collaborative program involving instruments from several institutions Utah
State University has operated a Mesospheric Temperature Mapper (MTM)
at the new Andes Lidar Observatory (ALO) on Cerro Pachon (30.2°S,
70.7°W) Since August 2009. A primary goal of this program is to quantify
the impact of mountain waves on the MLT region. The Andes region is an
excellent natural laboratory for investigating gravity wave influences on the
MLT region, especially the study of mountain waves, created by strong
winds blowing in from the Pacific Ocean. Large amplitude mountain waves
have been measured in the stratosphere on many occasions, however, their
penetration into the mesosphere has only recently been recorded (Smith et.
al., 2009), as shown in the all sky OH image to the left.

Figure 4 shows how mountain waves are formed by strong
winds flowing over a prominent ridge. These waves are
characterized by near zero phase speeds (stationary) and
align parallel to the mountain range that forms them.
Once formed, mountain waves can propagate upwards
until they are filtered out.

In this study we have used MTM image data in coordination with all sky
imager, meteor wind radar and other wind measurements to investigate the
properties of several mountain wave events observed over Cerro Pachon.
Smith et. al. (2009)

Mean zonal wind profiles for steady-state winter
solstice conditions. (Holton, 1982)

Instruments and Data

Figure 5 models zonal wind speeds as a function of altitude
for winter months (Holton 1982). When the wind
component parallel to the wave vector is equal to the
observed phase speed of the wave, the frequency of the
wave is Doppler shifted to zero and the wave dissipates at
that altitude (Taylor et. al. 1998). The models predict that
for winter months eastward winds allow for the
propagation of mountain waves into the MLT region. This is
because we treat mountain waves as stationary with
respect to the ground and locally North-South oriented, so
they would not propagate upward through layers with zero
zonal horizontal wind speed.

Results

Mesospheric Temperature Mapper (USU)
The MTM is a sensitive CCD imager used to image two mesospheric airglow emissions over ALO.
Sequential measurements of the OH (~87 km) and the O2 (~94 km) emissions are taken every 6
minutes. These data are used to investigate mesospheric temperatures and gravity wave structures.
All Sky Imager (UIUC / ERAU)
The all sky imager records broadband OH airglow images for characterizing short-period gravity
waves. Images are taken every minute. The data used here are available online in video form.
Meteor Radar (UIUC)
The meteor radar is located close to ALO and provides height resolved measurements of mesospheric
winds over the altitude range ~80 - 100 km averaged over hourly intervals. Meteor radar data used
for this study was available for June and July of 2010.
Weather Station (SOAR)
The Southern Astrophysical Research (SOAR) Telescope is located at Cerro Pachon observatory, Chile,
at an altitude of 2,700 meters (8,775 feet) above sea level. Local wind data are recorded by a weather
station collocated with the telescope. Measurements are recorded every 5 minutes.
Radiosondes (UWYO)
Radiosonde measurements are taken twice daily at 00UT and 12UT from Santo Domingo (33.6°S,
71.7°W), ~400 km to the south. Measurements of horizontal winds are made at frequent, but
irregular altitudes up to ~27 km. Data are made available online by the University of Wyoming.

O2

Winds
Sources
Figure 9 plots ridgetop winds from the SOAR observatory at Cerro
Pachon for 2010. These strong mountaintop winds blowing in
from the Pacific Ocean are responsible for the generation of
mountain waves. The red envelope plots maximum wind
magnitude and direction for the winter months when mountain
waves can penetrate into the MLT region. Wind speeds up to 30
m/s (~70 mph) were recorded during June and July.

Propagation
Figure 10 shows radiosonde wind profiles taken at 12 hour
intervals from Santo Domingo (~400 km to the south) indicating
strong eastward zonal winds (maximum ~80 m/s at ~12 km
altitude) on the nights when mountain waves were observed. The
red dots show wind profiles when stationary waves were observed
in the OH emission and blue dots when they were detected in
both OH and O2 emissions. When mountain waves were observed
on sequential nights radiosonde profiles showed steady, strong
eastward flow. These conditions favor the propagation of
mountain waves into the mesopause region.

MLT Winds and Wave Variability

Phase Velocities
Figure 6 is a histogram of horizontal phase speed for smallscale gravity wave events measured by the MTM over a
one year period (Aug. 2009 – 2010). The plot is
characterized by a strong peak with horizontal phase
speeds between 20 m/s and 50 m/s which is typical of
short-period wave measurements from other sites.
However, at Cerro Pachon, we see an additional cluster of
low phase speeds corresponding to mountain wave events.

Mountain Wave Motions

Average: -0.47

Figure 7 superimposes zonal phase velocities as a function
of time for several identified mountain wave events.
These events appeared more frequently during the hours
22:00 - 1:00 UT. The average of all velocities is 0.47 m/s
westward.

Figure 8 plots a running average measurement of the zonal phase velocity of one identified mountain
wave event observed on June 09-10 2010. Over a ~4 hour period the wave was determined not to
have zero phase speed but slowly changing its direction of motion several times, with an average
phase speed near 4.9 m/s (see Table 1).

Figure 11 Meteor radar data showing zonal wind contour maps during extended periods (4 nights
each) in June and July 2010 when mountain waves were detected in the image data. Red and blue
boxes at nominal OH and O2 altitudes mark the occurrence of mountain waves as seen in the MTM
and all sky data, respectively. Contour plots indicate that mountain waves in the OH airglow layer
occurred mainly during times with Eastward (positive) winds. The consistency of winds at and directly
below the OH layer suggests that zero wind contour does in fact act as a switch, ‘turning off’
mountain waves. The appearance of stationary waves in the O2 layer always occurred in conjunction
with mountain waves appearing in the OH layer, however at O2 altitudes the winds appeared to be
westward.

Summary

OH
MTM
Figure 1 Example sequence of MTM OH and O2
data taken on June 12/13 2010, of a distinct
near stationary event at ~1:40 UT. Each image
was flat fielded, calibrated and mapped onto a
150 by 150 km grid. Near stationary wave
troughs (marked in red) were evident in both
emission layers (but fainter in the O2) during this
period.

Keogram

OH
O2

All Sky
Figure 2 All sky OH data showing a wider field
of view of the structures as identified in the
MTM images (left). The red box indicates the
MTM field of view. The top two images show
the stationary nature of the structures from
1:30 to 2:30 UT. The bottom two images show
more extensive stationary structures which
reappeared in the same location ~6 hours
later.
Figure 3 East-West Keograms showing the evolution
of the mountain wave event identified in image
data (above) over the course of this night. Red ovals
indicate the similarity and near stationary nature of
structures in OH and O2 layers. The low velocity is
evident by the near horizontal banding. The
structure also switches direction from West to East
shortly before it dissipates. When the structure
reappears later, it is only seen in the OH emission.

Event Duration
(hr)

|Horizontal
Velocity|
(m/s)

Event Orientation
( N)

Horizontal
Wavelength (km)

7/23/2011

4:51

2.7

327

28

7/24/2011

6:38

5.1

332

31

6/24/2011

7:48

5.4

342

29

7/4/2010

5:41

4.6

361

30

7/5/2010

5:41

3.8

359

22

7/6/2010

3:16

5.6

341

35

6/10/2010

8:06

4.9

341

30

6/12/2010

4:45

2.6

335

20

6/13/2010

5:47

2.7

350

27

Mean

5:50

4.1

343

28

UT Date

Table 1 summarizes several mountain
wave events with durations > 3 hours.
All events exhibit very low average
horizontal speeds (less than 5 m/s),
and
were
oriented
nearly
perpendicular to the Andes range (as
shown in sketch to the right). While
cloud limited some observations, most
events were intermittent in nature.

Band orientations
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Low velocity waves over the Andes have been observed in the MLT region in MTM and all sky image
data during June and July 2010.
Models suggest that during these winter months the background wind field allows mountain waves
to reach altitudes of 80 - 100 km.
Analysis of the MTM data show signatures characteristic of mountain waves with near zero average
phase speeds and wave front orientations aligned with the Andes range.
Data from other sources shows that wind fields needed to generate mountain waves peak in
intensity during the winter months, and that on nights when waves were observed in the airglow
emissions the corresponding lower altitude winds had large eastward velocities permitting
propagation into the mesopause region.
Meteor radar data show that at MLT altitudes background winds act to filter out mountain waves,
and that mountain wave effects can be seen at altitudes above where the waves are expected to
propagate.

Future work: Identify and study more stationary events using the full ALO instrument suite
(and other available data) to quantify mountain wave propagation and dissipation effects in the MLT.
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